Cloud Visualization Techniques (Some mechanics
behind the images)
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Since the advent of the first numerical integrators in
the 1950’ s and subsequent generations of super and mcro
computers, scientists and conputer engi neers have struggl ed
with the task of converting conputer generated results into
formats which accurately convey information and present it
in a famliar and understandable form

The "visual" is the nost inportant nmediumto clearly
comruni cate information with m nimal chance of
m sinterpretation. O of our five senses, we conprehend
over 80% of the environment around us through the eyes.
Use of the 3D representations cross over |anguage barriers,
it provides a conpletely unique experience. (nVID A “The
Power of 3D’, 1999)

In the arena of science the various specialties have
differing requirenments. The
mat hemati ci an desires to show a
parabolic function or render a
fractal shape. The cardi ol ogi st
wi shes to probe the heart w thout
cutting open a chest. The
met eor ol ogi st attenpts to show what
t he weat her has been or will becone.
I n met eorol ogy however, anyone who
ever stepped outside his door has
seen the sky on a sunny day or during a rain shower and
under st ands what things are supposed to | ook |ike during
differing types of weather. Representing weather systems in
formats which end users are famliar has beconme a new
science in and of itself.




VWhen once the next generation of conputer was
anxi ously awaited so a model could run with nore data or
paranmeters, now in tandem graphic workstations and i mage
processi ng systenms continue to evolve all ow ng aut omat ed
output to be rendered in ever nore lifelike detail.

The nost recogni zabl e el enents of weat her are cl ouds.
Rendering cl ouds presents numerous chall enges. Sonme of the
factors which nust be considered are:

» The conposition of the cloud fornms, their thickness, and
shape.

The 3 di nmensi onal paraneters of the atnosphere.

The perspective of the viewer

The orientation of the |ight source.

The scale of the display fromthe m crophysical
(mcroneters) too the planetary (thousands of

kil ometers).

> Motion with respect to tine.
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For nost of the eighties and into the nineties, virtual
reality and real-tinme graphics applications have been

i mpl emrented on

pl atf or ns

specifically

devel oped for the

task. Silicon

Graphi ¢ has been the

primary comnputer

platformfor real -

time graphics

syst ens because they

have desi gned

hardware specific to

the needs to 3D

rendering and pl aced

that hardware in the

boxes they build.

The price of the technology required to do this has been
com ng down over the |ast few years,

and in many situations the ability to perform high speed
conputer graphics has noved to the personal conputer

Currently, nost virtual worlds are small with medi um
to | ow detail nodels. Part of this is due to the
constraints on the systens. Only a specific nunber of
pol ygons can be rendered per second and exceeding this
nunmber with too many high detail nodels will slowthe
conputer down. However, the general popul ous sees i mges of



hi gh detail nodels noving quickly through large worlds in
non-real -time productions that are portrayed as if they
were real tine.

Currently, conputers can not store and display high
detail worlds the size of the Earth. Because of this,
certain concessi ons nmust be made. In conputer science, the
choice that nust often be nade is between space and speed
The nore nmenory a process takes, the faster it can go. The
chal l enge for conputer scientists is finding ways to use
| ess space wi thout sacrificing too nuch speed. In general,
speed is not sonmething that can be sacrificed. Because
these are real-tinme applications, the algorithm nust be
fast enough to cause no visible slowing in the rendering.

Two di fferent techni ques have been devel oped over the
past years for the visualization of volunetric data,
allowing for extracting different kinds of information from
the 3-D data sets.

The first technique is known as contouring [Lorensen,
1987], where all values in the data set that are below a
specified threshold are discrimnated. This results in a
di screte, iso-valued surface called contour. This surface
can be rendered into a 3 di nensional perspective by using
shadi ng techni ques.

The intensity (color or gray-scale) at each pixel,
corresponding to a polygon, is calculated by attributing
one col or per facet, by scalar interpolation (Gouraud) or
vectorial interpolation (Phong).
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Usi ng the constant shadi ng techni que, each facet of
the object is illumnated by an average value for the
entire polygon. This approach is fast and very sinple, but
it gives quite poor realistic results and non snooth
surfaces. This is enhanced by the Mach effect: the
intensity at the vicinities of the edges is overesti mated
for light values and underesti mated for dark val ues.

The picture on the left shows a
Connol Iy surface of ferrocene in
Gour aud shadi ng, and on the right
the same surface with flat shading.

The Gouraud shading technique elimnates intensity
dlscontan|t|es by interpolating the intensity for each
pol ygon. It uses the normal
vector at each vertex and edges
of the polygon nmesh (obtained
by averagi ng each normal of the
facets sharing the same edge).
The nmodel determ nes the
intensity at each vertex and
then interpolates linearly
bet ween each normal al ong the
edge and then the sanme way
bet ween the edges for every
scan-line. This scan-line
algorithmis very often hardware inplenmented. The Mach
effect is alnost conpletely elimnated (except for very
hi gh curvated surfaces).

Phong shading is simlar to Gouraud shadi ng based on
an interpolation algorithmexcept that this tinme, the
interpolation is )
made by vectors. It Mo
uses the normal s at
each facet, the
average normal s at
each vertex, and
i nt er pol at es To
vectorially al ong
t he edges between
the vertex, and then
i nterpol ates the
sane way between the
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edges al ong the scan-line (very heavy calculation, as it
has a normalization cal cul ation at every step). This nodel
gives a nice render to specular lights.

The nobst common probl ens encountered with interpol ated
shadi ng are overcone by utilizing triangles as polygon or
by enhanci ng the nunmbers of polygon (which is expensive).

For exanple, a highly curved surface (typically a sphere)

will clearly have a polygonal silhouette. This situation
can be inproved by breaking the surface into a greater
nunber of smaller polygons, but will be nore expensive.

The second techni que, known as vol unme rendering
[ Drebin, 1988], treats the entire data set as a contiguous
density cloud and is visualized by nodul ati ng the opacity
of the object based on the values present in the data set.

d yphs (geonetric obects)can be scal ed and col ored
according to the magnitude of the related data val ue. By
interactive nodification of an opacity map, ranges of data
val ues may be made transparent or sem -transparent,
allowing the identification of coherent structures within
t he data. Vector glyphs are oriented in 3-D space to depict
the direction of the flow through the volune of a vector
guantity. Stereo view ng and animation provide a full 3-D
representation of the structures within the data vol une.

Usi ng cl ouds of
normal |y distributed random
poi nts of varying numerica
density and vari ance
representation of scal ar
fields is made possible.
This techni que allows very
rapi d di splay. Many
rotati ons and ot her
i nteractive mani pul ati ons
are possible w thout
noti ceabl e delay. The
techni que also allows the
qui ck display of turbul ent
or noisy quantities that
woul d have highly invol uted
i sosurfaces, and provides nuch of the information conveyed
by nested isosurfaces without the need for many partially
transparent surfaces and tinme-consum ng cal cul ati ons.
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